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ELECTROPHOTOGRAPHIC RECORDING on ibe order of 33%-59% of the ooiiing weight/basis weight 

MEDIUM AND METHOD '^'^ °f conventional coated gloss paper for a given basis 

weight. Also as a result of the very light coat weight, the 

BACKGROUND OF THE INVENTION paperof theinveniionhasacoatingweight/'fiberweightratio 

nus invention relates to a recording meditun especially ' if <"> o,-*' 2T^52% of the coating weight/fiber 

adapted for electrophotographic copiers and printers, and to '••"Sh« rai» of convenUooal coated gloss paper for a given 

a method for making the same. "'^^ 

Black and color eledmphotographic copiers and printers wnlemplated that paper einhodying the invenl.on be 

utiliiw dry loner to form an image on coaled and usually •« » '»"8<= "l^"' ^^"^ 

calendered paper. As is known, dry toner as used in a »° pounds per ream. For a basis weight of about 60 pounds per 

copying machine is electrostatically adhered to paper and tcamttepiperhasaeoalmgwetghi/baaswcightratioonthc 

then heated and fised to the paper. Fusion is the heating and order of 8«^18%. For a bas« weight of about 70 pounds per 

melting of toner on the paper to cause the toner to become "an"- ^ weight/basis weight ratio b on the order of 

attached to and stoy on the paper. To fuse the toner, either , 7%-16%, and for a base weight of about 80 poun* per 

one or both sides of the paper sheet may be healed. " «2">. »« °»<'"S we.ghl./ba.s,s weight ratio us on the order of 

_ . , . . ... . c. «i . 6%-14%.Forabasis weight of about 110 pounds per ream. 

To obtain good quahtv copies from an electrophoto- . ..t • • • .c j r 

* .. J ■ , _ . .• „ ju ^ . ,1, the coaUoe weight/basis weight rauo b on the order of 

graphic process, the dry loner electrostatically adhered to the iiMt, 

paper must be properly heated and fiised on the paper. This ~ * . , . . . . . . 

requires that adequate heat be appUed to the toner and paper „ I»P«' of ^ invention •dvantegeously is 

to cau.sc complete melhng of the loner on the paper .so that formed square on a papw machine so that it ha.s siinilar 

the toner slays on Ibe paper and a good image is obtained. properties in both the machine and cross machine dixecuons. 

However, the application of too much heat cui damage the ^ ^ «>ase of the paper contains on the order of 

paper and degrade the resulting image. On the other hand, if 7%-15% fiUcr. which is on the order of 40%-50% less hUer 

too litUe beat is appUed. Ibe toner may not be properly „ J^an is cooUmed in a conventianal paper base. Hie paper 

heatedandmeliedandsomeofthetonermaycomeofifofthe base may be preooated with hghtly pigmented coaung on 

paper, degradiiig the quality of the resulting image. '"^h of its sittes. with the preooat being at a we«ht on the 

1 . , . J J .• ■ .u 1 . w . Of*' of 1-2.5 pounds per side per ream and the coaling 

Another cause of image degradahon m the ekctrophoto- ^ ^ 

graph.cproce^isbubbhng. lhB problem IS associated with ,he coated paper is calendered to a 75« TAPPI gloss 

runnmgcoaed paper m a high temp«amre elec^ 30 35.50. a«jpjcrably to a gloss of about 45. To maintain 

graphic pnnwr Although the exact cause of .bubbbng b not ^ [ ^ ^ 

taown.,tisbehevedthaiwhencoatedp.perBb«tedt^ advantageoLly is groundwood free hieh brightness 

the toner to Ihc surface, the coaling acts as a moisture sealant ^ c 

on the base media. When the base media is healed, ii is ^^^^l , ^ ^ ^ ^ 

thought that moisture trapped >^ithin the base media is 35 Th^ forcgpmg and other features and advantages of the 

vaporized by the heat but is unable to escape due to the ^"^^^^^^ "^f^ ^^^^ "P<>° * consideration of the 

coating on opposite sides of the base media, resulting in following deuJed descripiioo, when taken .n conjuucUou 

localized bubbling in the coating. The abiUty to properly ^''^ accompanying drawmg?. 

fuse toner on paper at a lower Icn^ralurc alleviates the BRIEF DESCRIPTION OF THE DRAWINGS 

buHjling problem. . . • , ^ , u- ^ FIG- 1 shows a fonner section of a papermaking machine 

Another problem cncountcicd m Uic electrophotographic invention; 

process has to do with lunabihty of paper sheet through a T ^ 

copier. Runnability refers 10 the ability of the paper to feed ^ ^^ows a press section of the papermaking machme; 

and deliver through a copying machine without causing FIG. 3 shows a main dryer section of the papermaking 

jams. The runnability of paper is influenced by the **tooth'* 45 machine, which connects to HG. 4 as shown by the heavy 

of its surface, such that a paper surface with more tooth arrows; 

provides for more friction between it and drive rollers of the FIG. 4 shows two online ooaters and accompanying 

copier, resulting in improved runnability of the paper coater dryers of the papermaking machine, and 

through the copier Obviously, it is not acceptable for paper fig. 5 shows a supercalender for use with the present 

to excessively jam within a copier. 50 invention. 

SUMMARY OF THE INVENTION DETAILED DESCRIPTION 

The present invention provides an improved coaled paper As discussed above, it is desirable that coated paper used 

that is adapted to imprm-c fusion nf toner on a surface in electrophotographic copiers and printers exhibit good 

thereof at marginal fusion temperatures in an elecu-ophoto- 55 runnability through a copier and provide for good fusion of 

graphic process, together with an apparatus for making the loner on the surface of the paper ai Ihe lowest possible 

paper, a process for making the paper and use of the paper temperatures to minimize heat degradation of the paper and 
in au electrophotographic process. Tbe coated paper itself bubbling in the coating on the paper, 

comprises a paper base and a coating on each side of the The present invention provides coated and calendered 
base, with the coating being of a weight on the order of 60 paper particularly adapted for use in electrophotographic 

2J)-5.5 pounds per .side per ream. Advantageously, the color copiers a nd printers. The pa per has improved run nab il - 

coaling has a weight on tbe order of 33-4.0 pounds per side ity and provides belter fusion of loner 00 the paper in 

per ream, which is a very light coat weight as compared with marginal temperature conditions than can paper convention- 

the coat weight found on conventional coated gloss paper, ally used in the electrophotographic process. Because of the 

and the coated paper has a basis weight uf at least 60 pounds 65 ability to enable good fusion of tuner at tempenilures lower 
per ream. As a result of the light coat weight, the paper of than conveniionaUy required, tbe coated paper of the inven- 

the invention has a coating weight/basis weight ratio that is tion also is less susceptible to bubbling. 
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The coaled paper of the invention differs from cx)nven- Uonally less coaling and more fiber lhan conveniional paper 
lional papers currenilv available for electrophotographic made for ekciropboiographic processes, i.e., il has a lower 
processes. A primary' improve menl of the paper of the coaling/fiber raUo than conventioDal paper. It is contcm- 
invention over such conventional paper is its above men- plated that the paper have a lop coat weight or coaUng 
tinned ability to prox-ide better fusion of toner at lower 5 wcighl that is onihc order of 60% less than the coal wcighl 
icmperanircs. As is known, dry toner used in clecirophoto- typically provided on siicb conventional paper, 
graphic copiers and printers is electrostatically adhered to The coaling for the paper advantageously is formulated lo 
paper, and the loner and paper are then heated to ftise the stay more on the surface of the paper sheet. This is accom- 
loner to the paper to form an image on the paper. Either one plished by giving the coating a $u£5ciently high viscosity. So 
or both sides of the paper sheet may be healed to fuse the Uiat a lighter coat weight may more conveniently be pro- 
loner on the sheet. While proper fusion of toner on conven- vided on the paper, which gives the paper a lower c»aiing/ 
lional paper will occur if the paper and loner are exposed to gjjer ratio than conventional paper of the same basis weight, 
sufficient heat, the paper of the invention enables better a bwer proportion ofsolids may conveniently be used in the 
fusion to be obtained in marginal, lower temperature con- coating than is conventional. Using less solids in the coaling 
dilions lhan would otherwise be necessary U> ubUin proper ^ decreases the viscosity of the coaling. A Nascosity increasing 
fusion with conventional paper. As a result of the ability to - ^^^^^ ^ therefore added to the coating to give the coaling the 
accommodate proper fusion of toner at lower temperatures, viscosity necessary to icmaiu more 00 surface of the base 
it has advantageously been found that for a given tempera- ^^^^ viscosity increasing agent is sodium aliji- 
ture in the fusion section of an electrophotographic copier, 

greater than louU be le^iired to obtain proper fusion of paper be on the order of 2.5-5 Ibs^'side P^i^^^;^^^^^ 

n>ner on conventional paper. In other words, to achieve a target being XS^.O lbs/s,dc per ream. TTiis hghhveight 

given degree of toner fusion, paper of ihe invention can be coaling gives the paper its lower ooatiiig/fibcr rauo than is 

run through an electrophotographic copier al a greater speed conventiooal for a given basis weight of paper. The paper 

than would be required for conventional paper, which desir- 25 has a coating/fiber ratio in the range of about 6%-3 %, 

ably allows a copier to run faster and make more copies per whereas that ratio for conventional paper is in the range of 

minute. While it is not precisely known why these advan- about 20%-61 %, depending upon the specific basis weight 

tages are obtained, it is believed that the paper of the of the paper. The paper also has a coating^asis weight ratio 

invention provides better fusion because it has a lightweight in the range of about 4%-18%, whereas that ratio for 

coating that has lower thcnnal conductivity than the heavier 33 conveniional paper is in the range of about 13%^31%. 

coalings on conventional paper, and ibercfore the paper does 'i\xc low coat weight of the paper can be achieved by using 

not conduct heat away from the toner as fast as does a lower pioportiou of solids in the coating formulatiou, 

conventional paper. which makes it easier to apply a low coat weight using blade 

The base sheet of the paper of the invention is preferably coalers. The low proportion of solids would decrease the 

formed square on a paper machine wet end, for example by 35 viscosity and change the rhcology of the coating sufficiently 

a former section as shown in FIG. 1. Since die base sheet is to cause the coating, when applied 10 the base sheet, to 

formed square, il has more similar physical properties in migrate somewhat into the base sheet. This would not 

both machine and cross machine directions, i.c., similar greatly affect fusion ability of the paper, but may detract 

tensile strength, stiffness, etc., in each direction. from the visual appearance and the printed quality of the 

Advaniageously, bul not necessarily, Ihe base sheet is made 40 pa^r. Therefore, to increase the viscosity of the coating 

on a twin-wire' paper machine. Furnish is introduced by a formtUation sufficiently to prevent excessive niigration of 

headbox of the former section onto the tower wire of the the coating into the base sheet, so that the coating remains 

twin-wire paper machine at the paper machine wcl end in a primarily on the surface of the base sheet, a viscosity 

path generally parallel to that of the wire. The base sheet is increasing agent is added to the coating formulation, 

caused to be formed square by having the jet of furnish 45 However, even with a viscosity increasing agent such as 

emitted al substantially the .same j^ced as the speed of trawl sodium alginate added to the coating formulation, the vis- 

of the wire. After the furnish is introduced onto the lower cosily to which the coating is brought may still less than 

wire, il is captured between the lower and an upper wire and cooventional. Alternatively, a light coat weight of coating of 

carried to a press section of the machine, shown in FIG. 2, conventional formulatiou can be appUed to opposite sides of 

where water is removed from both Ihe feh and wire sides of 50 the base sheet, although the higher solids concentration in 

the base sheet. An advantage of the twin-wire papermaking the conventional coaling formulation increases the difficulty 

process is that removing water from both surfaces of a paper of applying sufficiently light coat weights to the base shcel. 

web causes the surfaces lo be more physically similar, e. g.. The coaling formulation used in making the paper of the 

to have similar smoothness, absorbency, etc. invention preferably has on the order of 54-58% solids. 

It also is cnntemplatcd that the ha.sc sheet of the paper of 55 whereas conventional coating has 61-64% .solids, 

the invention have on the order of 40-50% less filler lhan After leaving the paper machine former section of FIG. 1 

conventional paper made for the electrophotographic pro- and the press section sho>\Ti in FIG. 2, the base sheet is 

cess. An advantage of using less filler is that the strength and carried through a main dryer section of the paper machine, 

sliflfncss of the paper are increased, which improves the seen in FIG. 3, where it is dried before being carried to two 

runnabiliiy of the paper. A disadvantage of using less filler 60 online coalers, shown in FIG. 4. The two online coalers 

is that the resulting paper has decreased whiteness and apply the above discussed lightweight coating on opposite 

opacity. For a fiUcr such as calcium carbonate (CaCO,), sides of the base sheet. If desired, the base sheet can be 

decreased whiteness occurs with use of kss filler because lightly preooated in a conventional manner with a lightly 

the filler has 95-96 brighmess, while bleached fiber has pigmented coating before being top coaled. Ihc precoal 

88-90 brightness. 65 would be applied al a total weighl of about 2-5 lbs/ream. 

In accordance with the teachings of the invention, for a one-half on each side of the base sheet, or at a weighl of 

given basis weight the paper of the invention has propor- about 1-2.5 Ibs/sidc per ream. 
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The top coating can be applied with any conveniional 2.1-2.3 Parker Prim Smoothness 

blade coaler, such as a shon dwell lime applicator as shown This particular paper has been made in 60#, 70#, 80# and 

in U..S. Pat. Nos. 4,250,211 and 4^S1 2,279, a fountain type 110# grades which refers to Ihs./rcam, where a ream is 

coaler shown in VS. Pal. No. 5.436,030, and/or a double ccaisidered to be 3300 square feel, 

bladed coaler as shown in U.S. Pal. No. 5,112,653. In 5 As understood by those skilled in the art, in the furnish 

addition, the coaling can be applied by a film coaler or component of the paper supplied to the twin-wire paper 

Spedcoater made by Vbilh Sulzcr GmbH, such as the lypc machine, hardwood kraft (hwk) and sofrwvood crafl (swk) arc 

shown in U.S. Pat No. 4,84S,268. While blade doctoring is groundwood free chemical pulp, i.e., they comprise chemi- 

preferred, other suitable types of metering, such as with a cally altered wood. Also, recycled paper is post-consumer 

doctor rod, grooved or smooth, may be used. The term blade lO paper which, as its name implies, is paper that is returned by 

or blade coater as used herein, imless specifically staled, is consumers to the paper mDl for recycling. Filler is pigment 

understood to inchide such other equivaknt metering tech- thai is primarily provided by broke, and is measured on the 

niques. The doaor blade shown in U.S. Pal. Nn. 4,780;^36 ba.se .sheet after the sheet is formed. 

can advanlageously be use to provide low coal weight. The The broke component of the furnish is paper that comes 

teachings of all of the aforementioned patents in this paga- is back for recycling through the paper mill system. It com- 

raph are specifically incorporated herein by reference. prises internal paper mill recycling, e.g., waste paper that is 

After the base sheet is coaled, the coaled paper is calen- generated within the mill and coUccted. Much of the broke 

dercd to a medium gloss. Calendering the paper to a medium is usually coated, i.e., it is waste paper that has already been 

rather than a high gloss preserves a degree of surface coated, and the coating on the broke has a high ash or high 

roughness 10 enhance copier/printer runnability of the paper 20 ^"cr component. The filter component of the broke is 

and to provide a plea.sant and easily ix^adahle surf ace on the sufficiendy high that ^e fiUer m the cc.aUng on iIk^ broke 

paper. The calendering can take place on a superualender, as provides most of the fiUer (e.g., the 8- 10% filler). In other 

shown in no. 5, in which case the calendering would ^'Ofds, in making the paper of the invention, a substantial 

normally lake place off line. Altenativclv. hot-soft calender- ^mownt of ^Ucr need not be separately added to the fuxmsh 

ing can be carried out under coQvcntioiLil conditions cither 25 above and beyond that provided by the coating on the broke. 

onorofflhepapermachine.Hol-soflcalenderiDgequipmem However, the tilnium dioxide fno^) componem of the 

such as shown in U.S. Pat, Nos. 3,124,480, 3,124.504, ft^niish is added 10 provide whiteness and opacily, and the 

3,230.867 or 4,277^24, or such equipmem oineotly made 1-2 % carbonate may be added to the fiirnidi if carbonate is 

and offered by Vbilh Sulzer GmbH as Model No. G30 2/0, not otherwise sufficiently provided by the broke 

may be used. ^ '^'^^ furnish used in making the base sheet of the paper is 

. il ^. , . . , K« a walerbornc furnish that is applied by the headbox (FIG. 1) 

THe medium gloss on the paper is not provided by ^ ^ ^ ^ ^f the paper machine to form the base 

specially controlhng the calendering process, which is con- thiou&i the press section (FIG. 2) for 

yeatioual. Instead a ^'^^^^^^^^^^^^'^^^^ extraction ofexce^waterfem the b^ sheet, the base sheet 

less coaling on the paper^ A medium gloss is nonnaUy 3^ 

considered to be a 750TAPPI glc^sof 35-50 with the Uir^ ^^^^ ^ 

for the paper of the ^^^^^^^^ I'^^S paper and broke. Broke usuaUy comprises 25-30% of the 

1 ^^^T ^ considered have P^^^ ^^^^ ^^^^^^^ .^^^^ ^ 

a 73 TAFFl gloss ol o^-w. ^^.^^ comprises of the furnish because it is under- 

As mentioned, the paper of the invention has less coating ^ ^ papcrmaking industry that it is customarily part 
and more fiber than conventional paper of the same basis ^^^^ 25-30% of the fiiruish. The furnish 

weight, and thereby a lower coatiog/'filicr ratio than cooven- therefore comprises hwk, swk, recycled paper and broke, 
tional coaled gloss electrophotographic copy paper. The Because much of the broke is coated, it contains a consid- 
lightweigbt coaling is thought to be less capable than a ^^^^^^^ amount of filler or ash, i.e., pigment. Pigment is part 
heavier coating of conducting heat away from loner during ^^^^ ^ pigment componcni of the broke 

a fiision process. The lightweight coaling is therefore provides the 8-10% filler of the furnish. FiUer is part of the 
believed to account for at least one reason for the paper of 

the invention having better fusion providing capability in ^^^^ ^^^^ ^ p^^i q,^ jjj 

marginal lempcraUire conditions than docs conventional provided by ihe swk, hwk, recycled paper and broke. The 
P*P^'- 50 fiber is preferably groundwood free high brightness 

In a contemplated embodiment, the paper of the invention bleached pulp. Advantageously, there is uo fiber provided by 
may be defined as having the following specifics: groundwood in the fiimish, since groundwood is relatively 

dark and its use would decrease the whiteness of the base 
sheet. 

55 After the base sheet is formed, each side of the base sheet 

is coaled, usually by two online coalers (FIG. 4), e.g., an on 

machine coaler (omc) on each side of the web. llic base 

sheet is coated to a coat weight of about 2.5-5.5 lbs/side per 

ream, vnih the target being about 35-4.0 lbs/side per ream, 

60 and dried to a final standard raoistiu-e of about 3.5-5.5%. 

In the particular coating formulation lusted above, it is 

... . « . . . . . L * M . • . understood by those skilled in the art that hi-bright clay #1 

which re.^U in finushed paper having the following typical ^ ^ ^^^^^^ ^j^^ ^^^^ ^ ^^^^ ^^^^ ^^g^l^^ 

properties: brightness, fine carbonate is a pigment that serves as a 

45 gloss (i5 whilcner, and the plastic pigment is comprised primarily of 

87 brightness siyrene ^heres which are hollow but, if desired, may be 

91S opacity (70#) solid. The plastic pigment aids in achieving gloss on the 
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paper during calendering. The starch and laiex componenis 
of the coaling formulation are binders that hold the coating 
pigmcnLs together and on the sheet of paper. The other minor 
ingredients of the coating include (1) viscosity modifiers; (2) 
a lubricant that aids in the supefcalendering process to 
pfcvent "picking" (sticking of tbe paper to the supercalcnder 
roll); and (3) an insolubulizer that incieascs tbe water 
r«sisUDce of the binders in tbe coating. 

Relative to the typical properties listed for the finished 
paper, it is understood by those skilled in the art that 45 gloss 
means 75** TAPPI gloss of 45, 87 brighmess means TPPI 
brightness and is a measure of the reflectance of light of a 
spcdfic wavelength Fmm paper, and 91 S opadty (70#) is a 
TAPPI opacity which is a measurement of the amount of 
light tiansmiued through a sheet of paper having a basis 
weight of 70 lbs./ream. It also is understood that 2.1-2.3 
Parker Print Smoothness is a TAPPI measurement of the 
smoothness of a sheet of paper and refers to tbe average 
depth of valleys in the paper surface, so tbe lower the 
number, the smoother the paper. A Parker Print Smoothness 
reading uf 2.1-23 far tbe paper of the invention indicates 
that the paper is not particularly smooth compared to con- 
ventional coated gloss paper. A lack of extreme smoothness 
provides the paper with increased surface firiction and 
improved nmnability through a copier. 

Another coating formulation for the paper of the invention 

is: 

70 Hi-bright #1 
22 fine carbonate 
4 coarse carbonate 
. 4 plastic pigment 
3 starch 
8.5 latex 

with minor ingredients comprising: 
0.8 lubricant 
0.2 insolubulizer 

0.3 sodium alginate (Niscosity modifier) 
1.7 fwa (fluorescent >^iiitcncr) 
0.5 polyvinyl alcohol (binder) 

Paper embodying the teachings of the invention has been 
made in various basis weights, where basis weight refers to 
the final weight of the paper and includes both coat weight 
and base sheet weight It is contemplated that paper embody- 
ing the invention can be made at various basis weights 
ranging from 50-110 lbs/ream and, indeed, such paper has 
been made at basis weights of 60, 70, 80 and 110 Ibs/rcam. 

Papers embodying the invention have been made and 
found to compare with conventional coated gloss paper as 
follows: 

TABLE 1 

RmmpteR of Paper of Inventioii 
vs. Cbovcntional G)8tod Gloss 
Paper (80^ basis wetghQ 



TABLE 1-contimied 



Examples of Paper of Icvention 
vs. OinvcDtiuod Cuulcd Glueis 
Paper (80** basia wcighO 



lavemioa 
Paper 



Ooflveouooftl Coaveotioaal CbDvcational 
Papei 1 Paper 2 Papei 3 



Toner' 



'ratio of machine dircctioo/oosa direction fiber oricolauon using laser 
measurcmeoL 

•"subjective NisuaJ judgment of amouni of untused loner oiea using o 4-color 
Cannon 800 eleccrophocognphic printer. 



15 



20 



30 



35 



40 



TABLE 2 


Examples uf EHecl of Cbalin^Tibcr 
Ratio oa Fusioa of Toscr on 
Coaled Gtoss Paoer 






Invention bn'entioD 
Paper 1 Paper 2 


Conventional 
Paper 


Cml Weight 
Base Sheet Weight 
Final Basis Weight 
Noo-Fiised Toner* • 


7 7 
75 68 
82 75 
none ooae 


16 
63 
SO 
some 


•"Sec above. 
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Relative Weights of Paper 
of Invention 
Convcctiooal Paper 







Envcntiun Papc 


r 


Conv 


cnlianal Paocr 


Final 




Base 


Approx. 




Base 


Approx. 


Basis 


Cbat 


Sheet 


Fiber 




Sheet 


Fiber 


Wl 


Wl 


Wu 


Wl 


Wl. 


Wl. 


Wl. 


60# 


7 


5] 


40 


17 


41 


33 




7 


59.5 


47.5 


17 


49.5 


.^<^.5 


80# 


7 


60 


57 


17 


60 


47 


liOtf 


7 


S8.S 


82 


17 


8S.5 


72 



Invention Conventional Conventionn] Conventional 



In the immediately above table, final basis weight includes 
4S the weight of moisture, where moisture is on the order of 
4-5%. Coat weight is the total bone dry coal weight, and the 
base sheet weight is tbe dry weight with Cib moisture, llie 
base sheet weight inchtdes "filler" pigment, which typically 
comprises 12-16% of conventional base sheet weight and 
50 8-10%of the base sheet weight of the paper of the invention. 
The base sheet weight as shown above also includes a 
precoat size press coating weight, which precoat is typically 
50-70% starch. All of the above weights are in terms of a 
330U square foot ream of paper. 
55 As mentioned, the coating/fiber ratio of paper made 
according to the invention is relatively low compared to the 
same ratio for conventional coated gloss paper at a given 
basis weight, as shown by the following table: 





Paper 


Paper 1 


Paper 2 


Paper 3 


Glow 75* 


4fl 


74 


75 


72 


Opacity 


93.3 


95.1 


95.6 


94.3 


Parker Print 


2.30 


1,42 


i.60 


1.3S 


Suif 










Smoothness 










Fiber 


1.10 


1^9 


JJ5 


1.28 


Orieotation* 










Non'Ftised 


none 


slight 


much 


much 



60 



TABLE 4 



Basis 
Weight 



Coaiina^iber Ration 

Paper cf 
Invent iitn 



Conventional 
PHpei 



60# 
7U# 



12%-31% 
10%-25% 



43^^-61% 
37*-52^l' 



